The aim of the investigation was to study toxic properties (chronic toxicity, local irritant and sensitizing effects) of medical products Hydrogel RS and Microgel RS, intended for use in regenerative medicine as implants for replacing defects of soft and bone tissues, treatment of deep burns and for in vitro cell culturing when testing medications.
Polymer materials of various origins are widely used in different fields: from manufacturing household articles to regenerative medicine (reconstruction of lost tissues and organs in the body) [1, 2] . The major problem of their application in regenerative therapy is the absence of biologically active materials having the entire set of necessary properties at the same time: biocompatibility, controlled biodegradability, porosity, controlled accuracy, etc.
One of the possible solutions to this problem is the use of recombinant analogues of spider dragline silk proteins, i.e. spidroins, which, apart from distinguished physical and chemical properties (a combination of high strength and elasticity, high and low temperature resistance, positive charge in the whole range of physiological рН values), also possess high biocompatibility, slow bioresorption and affect cells in a targeted way, for example, integrating various biologically active compounds in their structure using genetic engineering techniques, including cell adhesion and growth factors, differentiation factors [3, 4] . These proteins are able to form various supramolecular structures in the water environment: films, hydrogels, microgels, spongia with adjustable pore size (from nano-to macro-dimensional), microcapsules, etc. [5, 6] .
The recombinant analogue of spidroin 1, protein 1F9 [7, 8] , cloned in GosNIIGenetika and generated by microbiological synthesis in Saccharomyces cerevisiae yeast cells, has been used for production of porous matrixes [9] as well as hydrogel and microgel obtained by mechanical grinding the hydrogel [10], on the basis of which medical products Hydrogel RS and Microgel RS have been developed.
It has been established that on the surface of hydrogel and microgel there are both macropores up to 500 μm in diameter and micropores 2-20 μm in diameter, connected by openings, and in the relief elements there are both nano-and microstructures 100-500 nm and 0.5-15 μm in size, respectively [11] , which makes these products attractive for use as adhesive cell cultures and contributes to vascularization and innervation processes in the implantation zone.
Applying hydrogel and microgel on the surface of a burn wound in experimental animals accelerates healing as compared to traditional methods of treatment. A greater effect is observed when injecting the samples under the wound surface [11] . The study on mice, using experimental model of full-thickness skin wound imitating severe skin damage, has shown that intradermal injections of microgel suspension around the wound provide regeneration of the body's own tissues in the area of skin lesion, and also promote neurogenesis and angiogenesis [12] , i.e. the injections initiate tissue formation processes in the area of local damage.
These results show that medical products Hydrogel RS and Microgel RS based on recombinant spidroin are the materials potentially suitable for use in regenerative medicine and can be highly demanded in treatment of deep burns, as implants for replacing defects of soft and bone tissue and for in vitro cell culturing when testing medications.
The aim of the investigation was to study toxic properties, chronic toxicity, local irritant and sensibilizing effects of medical products Hydrogel RS and Microgel RS.
Materials and Methods. Hydrogel samples were obtained from 3% solution of highly purified recombinant spidroin 1F9 [8] , and microgel was made by mechanical grinding the hydrogel. To obtain medical products, hydrogel and microgel were placed in syringes of 1 and 2 ml, sterilized using tyndallization method (threefold repeating the processes of heating to 90°С and incubation at room temperature during 20 h) and packed into blisters.
Toxicological studies of medical products Hydrogel RS and Microgel RS (GosNIIGenetika, Russia) were Chronic toxicity. Experiments were carried out on 240 outbred Wistar rats (120 females and 120 males) weighing 195.5±0.5 g, which were divided into the following groups: a) control, saline solution epicutaneously (10 females + 10 males); b) control, saline solution intramuscularly (10 females + 10 males); c) hydrogel RS/Microgel RS, 0.5 ml/kg epicutaneously (10 females + 10 males); d) hydrogel RS/Microgel RS, 5 ml/kg epicutaneously (10 females + 10 males); e) hydrogel RS/Microgel RS, 0.5 ml/kg intramuscularly (10 females + 10 males); f) hydrogel RS/Microgel RS, 5 ml/kg intramuscularly (10 females + 10 males).
Medical products Hydrogel RS and Microgel RS were introduced epicutaneously and intramuscularly, single dose. Due to slow resorption rate of the product material, it was possible to observe its daily impact on the organism during 90 days. Within the period of 90 days (no more than 10% of rat life expectancy), the changes of integral indices were recorded, there was estimated the adverse effect occurring after single introduction of the studied sample of the medical product.
The general condition of the animals was assessed by manifestations of respiratory function, physical activity, presence of convulsions, reflexes, ophthalmoscopy was carried out, there was assessed pulse, salivation, coat condition, pain reaction, muscle tone, the condition of digestive tract and skin. The animals were weighed, water and food consumption taken into account.
In addition to integral indices recorded initially and once a month after introduction of the studied products, there were recorded hematological indices (the number of erythrocytes, leucocytes, thrombocytes, hemoglobin level, ESR, white blood cell differential), biochemical indicators and enzymatic activity of rat blood serum Safety of Recombinant Analoges of Spidroins as Biodegradable Scaffolds for Regenerative Medicine (total protein, creatinine, urea, glucose, cholesterol, total lipids, total bilirubin, alkaline phosphatase, lactate dehydrogenase, aspartate and alanine aminotransferase activity, calcium, potassium, sodium), the functional condition of excretory system was assessed according to urine analysis.
Pathomorphological examination of rats was performed 90 days after the introduction and consisted of necropsy, macroscopic study, weighing the organs and calculating mass coefficients, histological study.
Local irritation. Pathomorphological examinations of the area of medical product introduction were carried out on Chinchilla rabbits (n=24) by single epicutaneous application in two groups for each product (n=12): a) control, saline solution epicutaneously (3 females + 3 males); b) hydrogel RS/Microgel RS, 5 ml/kg epicutaneously (3 females + 3 males).
To calculate irritation index, there were used observation findings obtained within 24, 48, 72 h. Primary irritation index was calculated summing up the scores of product-induced primary irritation for each animal, including edema and erythema, in each interval of observation time and their dividing by the total number of observations (by 6, i.e. 2 for each interval of time). To ensure the objectivity of studies, primary irritation score of the control group was subtracted from primary irritation score of the studied material.
Sensitizing effect. To study delayed hypersensitivity when using medical products Hydrogel RS and Microgel RS in accordance with GOST R ISO 10993-2009, guinea pig maximization test and the method of closed epicutaneous applications (Buehler) were used on guinea pigs (n=30). There were two groups of animals for each product (n=15) [10]: a) control, saline solution (5 males); b) hydrogel RS/Microgel RS (10 males). The dose of the medical product, introduced intracutaneously in each studied area, was 0.1 ml. To make an application, a moisture-retentive gauze pad (8 cm 2 ) was saturated with the sample under study, applied to clipped skin areas and fixed with occlusive dressing around the animal body. After 24 h, the dressing and the samples were taken off and the condition of the studied areas was assessed for the presence of erythema and edema according to Magnusson and Kligman classification.
Seven days after the intracutaneous induction phase, the studied material was applied epicutaneously on the injection sites (the intrascapular area of each animal) using 8 cm 2 pieces of impregnated gauze. Occlusive dressing was applied. The dressing was taken off in 48±2 h. Fourteen days (±1 day) after the local induction phase was completed, all experimental and control animals were challenged by the tested materials. For this, applications of the studied material were made on the intact areas of each animal side skin, a hygroscopic gauze pad being applied for 24 h. The degree of skin reaction, including erythema and edema, was estimated and described (according to Magnusson and Kligman) for each area and in each observation time interval.
Methods of statistical data analysis. The data obtained were processed using software package Statistica 5.5. To compare the samples (n=20) in case of normal distribution of populations, parametric Student's t-test was used for paired samples (dependent samples) or unpaired samples (independent). Non-parametric criteria were used in case of significant deviations of sign distribution from the normal law and with small samples (n≤10): Wilcoxon test for two dependent samples and Mann-Whitney U-test in case of two independent samples. When comparing more than two groups, the Kruskal-Wallis test was used. The differences between groups were considered statistically significant at the level of р<0.05.
Results and Discussion. Studies performed on white outbred rats have shown that with a single epicutaneous application and a single intramuscular introduction of subacute doses of 0.5 and 5.0 ml/kg, medical products Hydrogel RS and Microgel RS are safe substances. They have no irritant effect when introduced epicutaneously and intramuscularly, no sensitizing properties and can be recommended for clinical testing. There were no deaths of the animals, no changes in their general state in relation to respiratory function, physical activity, the presence of convulsions, reflexes, according to the findings of ophthalmoscopy, assessment of pulse, salivation, coat condition, pain reaction, muscle tone, the condition of digestive tract and skin. No difference in animal weight growth was found after introduction of the studied and control medical products (Table 1) .
No difference in biochemical and morphological parameters of blood and urine, mass coefficients of organs was found in the animals of the control group when medical products Hydrogel RS and Microgel RS were applied epicutaneously on a once-only basis and introduced intramuscularly as a single injection in subacute doses (Table 2) .
When local irritation was studied in the process of applying medical products Hydrogel RS and Microgel RS to the skin of rabbits, no irritant effect was revealed. No signs of erythema, edema or other irritation signs were noted during the period of observation.
As a result of studies conducted on guinea pigs, it was found that medical products Hydrogel RS and Microgel RS have no sensitizing properties. Guinea pig maximization test revealed no skin reaction, including erythema and edema, on the tested areas after the intracutaneous induction phase, which corresponds to 0 scores, according to Magnusson and Kligman classification. After the animals were challenged by the tested material on completion of the induction phase of the investigation, no skin reaction (including erythema and edema) was found, which corresponds to 0 scores, according to Magnusson and Kligman classification (Table 3) . Thus, medical products Hydrogel RS and Microgel RS are safe agents when used during 90 days, according to the data resulting from evaluation of integral parameters of the functional state of the rat body (appearance, reflexes, biochemical and morphological indices of blood and urine). They have no irritant effect when introduced epicutaneously and intramuscularly as the experiments with rabbits show, display no sensitizing properties in the experiments with guinea pigs.
Conclusion. Medical products Hydrogel RS and Microgel RS (GosNIIGenetika, Russia) can be recommended for clinical testing as implants for replacing defects of soft and bone tissue, treatment of deep burns and for in vitro cell culturing in testing medicines.
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